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ABSTRACT 
Nowadays train journey is an inevitability thing to the human being. So safety and prevention are 
important to save the passengers. Problem solving and troubleshooting in railway system is also 
an important thing. The roll of this project is to ensure the safety of the passengers. The main 
objective of this proposal is to find break failure of the train carriage and monitoring system by 
using ARM processor. In addition to monitoring system we have included smoke and flame 
sensor for safety purpose, so that we can avoid fire accidents in trains. 
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1. INTRODUCTION 
There are three types of braking systems in railways namely. Air brakes, Electro 
pneumatic brakes, Regenerative braking. The driver has placed the brake valve in the 
"Application" position. This causes air pressure in the brake pipe to escape. The loss of pressure is 
detected by the slide valve in the triple valve. Because the pressure on one side (the brake pipe 
side) of the valve has fallen, the auxiliary reservoir pressure on the other side has pushed the valve 
(towards the right) so that the feed groove over the valve is closed. The connection between the 
brake cylinder and the exhaust underneath the slide valve has also been closed. At the same time a 
connection between the auxiliary reservoir and the brake cylinder has been opened. Auxiliary 
reservoir air now feeds through into the brake cylinder. The air pressure forces the piston to move 
against the spring pressure and causes the brake blocks to be applied to the wheels. Air will 
continue to pass from the auxiliary reservoir to the brake cylinder until the pressure in both is 
equal. This is the maximum pressure the brake cylinder will obtain and is equivalent to a full 
application. To get a full application with a reasonable volume of air, the volume of the brake 
cylinder is usually about 40% of that of the auxiliary reservoir. Brake failure in an automobile can 
be serious, and each year leads to train accidents. Some of these accidents result in serious injury 
or death and in all likelihood could have been avoided if the driver had noticed the signs of brake 
failure. The air brake can fail if one of the cocks where the pipes of each carriage are joined 
together is accidentally closed. In this case, the brakes on the wagons behind the closed cock will 
fail to respond to the driver's command. This happened in the  Pennsylvania Railroad train 
wreck involving the Federal Express, a Pennsylvania Railroad train which became runaway while 
heading into Washington DC's Union Station, causing the train to crash into the passenger 
concourse and fall through the floor. Taken into account of several brake failure incidents we have 
developed the train brake monitoring system using ARM7 along with smoke and flame sensor. 
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2. SYSTEM DESCRIPTION   
2.1 Hardware Required 
A.     ARM7LCP2148 
      ARM-Advanced RISC Machine is a 32-bit RISC (Reduced Instruction Set 
Computer) processor architecture developed by ARM Holdings. Many beginners sometimes 
misunderstood that the ARM is microcontroller or processor but in reality, ARM is an architecture 
which is used in many processors and microcontrollers. The ARM architecture licensed to 
companies that want to manufacture ARM-based CPUs or System-on-Chip products. This enables 
the companies to develop their own processors compliant with the ARM instruction set 
architecture. For example, the device we are using LPC2148 is ARM architecture based SOC 
product developed by NXP Semiconductor. Similarly, all major semiconductor manufacturers like 
Atmel, Samsung, TI etc. they all make ARM based SOCs. 
B.   DC Motor  
A DC motor is any of a class of rotary electrical machines that converts direct current 
electrical energy into mechanical energy. The most common types rely on the forces produced by 
magnetic fields. Nearly all types of DC motors have some internal mechanism, either 
electromechanical or electronic, to periodically change the direction of current flow in part of the 
motor. DC motors were the first type widely used, since they could be powered from existing 
direct-current lighting power distribution systems. A DC motor's speed can be controlled over a 
wide range, using either a variable supply voltage or by changing the strength of current in its 
field windings. Small DC motors are used in tools, toys, and appliances. The universal motor can 
operate on direct current but is a lightweight motor used for portable power tools and appliances. 
Larger DC motors are used in propulsion of electric vehicles, elevator and hoists, or in drives for 
steel rolling mills 
C.   Electromagnetic Motor 
A coil of wire with a current running through it generates an electromagnetic field aligned 
with the center of the coil. The direction and magnitude of the magnetic field produced by the coil 
can be changed with the direction and magnitude of the current flowing through it. A simple DC 
motor has a stationary set of magnets in the stator and an armature with one or more windings of 
insulated wire wrapped around a soft iron core that concentrates the magnetic field. The windings 
usually have multiple turns around the core, and in large motors there can be several parallel 
current paths. The ends of the wire winding are connected to a commutator. The commutator 
allows each armature coil to be energized in turn and connects the rotating coils with the external 
power supply through brushes. (Brushless DC motors have electronics that switch the DC current 
to each coil on and off and have no brushes.). 
D.     Relay 
A relay is an electrically operated switch. Many relays use an electromagnet to 
mechanically operate a switch, but other operating principles are also used, such as solid-state 
relays. Relays are used where it is necessary to control a circuit by a separate low-power signal, or 
where several circuits must be controlled by one signal. The first relays were used in long 
distance telegraph circuits as amplifiers: they repeated the signal coming in from one circuit and 
re-transmitted it on another circuit. Relays were used extensively in telephone exchanges and 
early computers to perform logical operations. A type of relay that can handle the high power 
required to directly control an electric motor or other loads is called a contactor. Solid-state 
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relays control power circuits with no moving parts, instead using a semiconductor device to 
perform switching. Relays with calibrated operating characteristics and sometimes multiple 
operating coils are used to protect electrical circuits from overload or faults; in modern electric 
power systems these functions are performed by digital instruments still called "protective relays". 
E. Flame Sensor 
A flame sensor module that consists of a flame sensor (IR receiver), resistor, capacitor, 
potentiometer, and comparator LM393 in an integrated circuit. It can detect infrared light with a 
wavelength ranging from 700nm to 1000nm.The far-infrared flame probe converts the light 
detected in the form of infrared light into current changes. Sensitivity is adjusted through the 
onboard variable resistor with a detection angle of 60 degrees. Working voltage is between 3.3v 
and 5.2v DC, with a digital output to indicate the presence of a signal. Sensing is conditioned by 
an LM393 comparator.  
 
Fig.1 
F.   Smoke Sensor 
A Smoke Detector is a smoke sensing device that indicates fire. Smoke Detectors are very 
common in homes, offices, schools and industries. Smoke Detectors are very useful devices as the 
damage caused by fire accidents is catastrophic. Now a days, smoke detectors and smoke alarms 
are very cheap as its usage is increasing and cost of manufacturing is decreasing. In this project, 
we are implementing a simple Smoke Detector Circuit using simple hardware. 
 
Fig.2 
G.   LCD 
 A liquid-crystal display (LCD) is a flat-panel display or other electronically modulated optical 
device that uses the light-modulating properties of liquid crystals.  LCDs are available to display 
arbitrary images (as in a general-purpose computer display) or fixed images with low information 
content, which can be displayed or hidden, such as preset words, digits, and 7-segment displays, 
as in a digital clock. 
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Fig.2 
2.2 Software Required 
 The software components required to implement train brake monitoring system using 
ARM processor are; KEIL 5 compiler, Flash Magic. The ARM Compiler is specifically designed 
to optimize software running on ARM processors. The ARM Compiler tool chain incorporates a 
highly optimizing C/C++ compiler, assembler, linker and libraries for embedded software 
development. The ARM Compiler has a long embedded heritage, where memory space is a prized 
commodity. It incorporates techniques that can reduce your application footprint by up to 30% 
compared to other compilers. The ARM Compiler reduces the best code size by up to 5% 
compared to the RVDS 4.0 compiler. In addition, the ARM Compiler includes an optional Micro 
Lib C library for Cortex-M series microcontrollers, which provides up to a 50% reduction in code 
size compared to the full standard C library. The Micro Lib C library provides a completely C-
based development environment without the need to revert to assembly language - even for 
interrupt service routines. This removes the need for specific knowledge of the ARM architecture. 
Flash Magic is a PC tool for programming flash based microcontrollers from NXP using a serial 
or Ethernet protocol while in the target hardware. 
3. WORKING PRINCIPLE 
 For a railway to operate efficiently and safely, its locomotives should be powerful enough 
to accelerate their trains rapidly to the maximum allowed line speed, and the braking systems 
must be able to bring a train reliably to a standstill at a station or signal, even on an adverse 
gradient.   Railway operators need to calculate train accelerations and decelerations in order to 
plan their timetables, and signals must be sited so as to allow adequate stopping distances for all 
the various passenger and goods services that they are required to control. The below diagram 
represents the block diagram for working of Train brake monitoring system using ARM 
processor. 
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Fig.3 
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The brake force available depends on two factors: 
1. The adhesion between the rail and the wheels being braked, and 
2. The normal reaction of the rail on the wheels being braked (and hence on the weight per 
braked wheel) 
Generally, it is specified as a fraction  of the total weight of the train: mgB   
A typical value is 0.09 . The maximum speed is found by 0)()(  mgvQvP  
where,  sin  is the gradient. 
 To calculate how long it will take for a train to come to rest when the locomotive power is 
cut off and the brakes are applied, and how far it will travel in this time, set 0)( vP .  Since 
acceleration is rate of change of velocity, a differential equation: 
mgvQB
dt
dv
m  )(  
describes the motion, and, once the initial speed is given, defines v as a function of time t.  
Since the braking force B is essentially a constant, independent of speed, the differential equation 
can be integrated by separation of variables, leading to: 
.
)()(
0
0
 
T
V
dt
vQmg
mdv

 
 Remembering that the drag Q(v) is approximated by a quadratic function of speed: 
 ,)( 2210 vqvqqvQ   
it becomes clear that the braking time T required from speed v is obtained as the integral: 
 

v
cbuau
du
vT
0
2
)(  
 From this result, a further integration is needed to recover the distance travelled as a 
function of time.  A simpler alternative is to calculate the braking distance directly by writing: 
ds
dv
v
dt
ds
ds
dv
dt
dv
f   
in the original equation, to give: 
mgvQB
ds
dv
mv  )(  
which is a relation between distance s and speed v. 
 This differential equation can also be integrated by separation of variables, leading to: 
.
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and hence the braking distance S required from speed v is obtained as the integral: 
 

v
cbuau
udu
vS
0
2
)(  
 Thus the brake is applied on the basis of calculated speed. when there is a brake failure in 
any compartment and if the brake is applied without the knowledge about failure, the 
compartment collapse and skits from the track. When the brake is applied the speed of the DC 
motor is reduced by the magnetic motor fixed in the wheel in order to stop the train. If any of the 
brake fails to work then it will be identified by the ARM processor and will be displayed in the 
LCD, so that the train will be stopped safely without any accident. The function of the relay 
system is to supply voltage of 3.3-5v to ARM processor and 12v to DC motor. If there is any gas 
leakage it will be detected by the smoke sensor and a LED will be blinked to indicate the gas 
leakage. The flame sensor will be situated in the cooking compartment so that any sudden fire 
accidents can be easily encountered and can be prevented before leading to greater disaster. 
4. CONCLUSION        
 The design of Train brake monitoring system ensure security using ARM7LPC2148.Here 
the speed of train is controlled and train is stopped safely in the track. The main advantage of this 
project is the monitoring of railway brake system which is the unnoticed issue in Indian railway 
system. Also detects gas and fire outbreaks instantly with the help of smoke and flame sensor 
respectively. The whole design is the use of ARM processor, KEIL 5 compiler and Flash Magic 
tool with easy programming .The cost remains affordable and the way of implementation is in 
ease. The only disadvantage is that all the components are wired so that implementation for larger 
system is complicated. Real time application has many benefits such as accident prevention, 
saving lives, avoiding unnecessary damage etc. 
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